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Description 

The invention relates to a process for reacting a liq- 
uid with a gas under the influence of a catalyst 

The invention particularly relates to such process s 
for treating oil products, such as for instance the hydro- 
genating conversion of a liquid oil, especially the4gsu|i, 
furization of heavy oil by means of hydrogen gag, for 
which reason the invention will be explained hereinafter 
with reference to this practical example, but it is empha- io 
sized that the invention is not limited hereto. 

In practice, desulfurization of heavy oil by means of 
hydrogen gas takes place in a reactor filled with granu- 
lar catalyst material, which is state of the art for such 
reactor. Accordingly, each separate catalyst element is 
has the shape of a granule and can for instance have 
the shape of a sphere, an elongate cylinder or a flat cyl- 
inder (pill). The catalyst granules are dumped in a ran- 
dom manner, and the mutually supporting catalyst 
granules define a capricious pattern of passageways 20 
therebetween. The heavy oil and the hydrogen gas are 
pressed through these passageways and react with , 
each other, the material of the granules playing a cata- 
lyzing part. 

This involves various problems. 25 

A first problem concerns the size of the separate 
catalyst granules. The greater the granules are chosen 
to be, the smaller the available exterior catalyst surface 
area in proportion to the catalyst volume or catalyst 
weight. If the catalyst material congiists of a porous sup- 30 
port including the active catalyst, this means that in the 
case of greater granules it becomes increasingly diffi- 
cult to allow the active catalyst located in the interior of 
the catalyst granules to contribute efficiently to the reac- 
tion (diffusion limitation) to be catalyzed. Hence, a 35 
greater dimension of the catalyst granules is accompa- 
nied by a reduced efficiency. 

However, the smaller the granules are chosen to 
be, the greater the flow resistance of the catalyst bed. 
Given the same yield, this means a greater pressure 40 
drop over the catalyst, which is synonymous with a 
greater loss of energy, and for forcing the substances to 
be reacted a greater power is needed. \ 

A second problem concerns the manner in whi^h; 
the substances to be reacted can flow tiirough the cata- 45 
lyst material. Due to the relatively great pressure drop 
over the catalyst material, it is practically impossible, at 
least for large-scale use, to allow the gas and the liquid 
to flow countercurrentiy A method wherein the oil is 
allowed to drip from the top downwards through the cat- so 
alyst bed and wherein the hydrogen gas is blown from 
the bottom upwards, is commercially pointless because 
of tiie slight maximum speed that can be used. 

Therefore, it is known to present the oil and the 
hydrogen gas under a relatively high pressure to the ss 
reactor and to have them flow through the catalyst bed 
in the same direction. However, a number of important 
drawbacks are attached to the operation in such co-cur- 


rent mode, in particular when a gaseous reaction prod- 
uct is formed in the reaction to be catalyzed, such as is 
the case in the desulfurization of heavy oil by means of 
hydrogen gas, wherein in fact JdaSja^fermed. The fur- 
ther the liquid progresses in the reactor, the more it is 
polluted with that gaseous reaction product, which 
counteracts the reaction to be catalyzed. Further, the 
liquid, as it progresses further in the catalyst bed, will 
increase or decrease in temperature more and more, 
depending on whether the reaction to be catalyzed is 
exothermic or endothermic, so that in a commercial 
reactor provisions have to be made for maintaining the 
temperature within certain limits. 

The object of the Invention is to overcome the 
above-mentioned drawbacks. 

In particular, a first object of the invention is to pro- 
vide a process wherein active catalyst can be used 
highly efficientiy. while yet this catalyst has only a rela- 
tively slight flow resistance. 

A further object of the invention is to provide a proc- 
ess which is performed in a counterflow mode. 

To this end, the invention provides a process for 
reacting a liquid with a gas under the influence of a cat- 
alyst, wherein the flow direction of the liquid through the 
catalyst is opposite to the flow direction of the gas 
tiirough the catalyst, the process being performed while 
utilizing a reactor comprising at least one catalyst ele- 
ment (1) having at least one channel (2) extending 
therethrough, the wall of said channel, in circumferential 
sense of the cross section thereof, having at least one 
concave wall portion and at least one convex wall por- 
tion in order to effect a separation between the gas 
phase and the liquid phase. 

Within the scope of the present application, a tran- 
sition between two wall portions intersecting at an angle 
smaller than 180° will also be considered to be "con- 
cave", and a transition between two wall portions inter- 
secting at an angle greater than 180° will also be 
considered to be "convex". 

In a preferred embodiment, the wall of the channel 
mentioned comprises at least one longitudinal projec- 
tion and/or at least one longitudinal groove. 

It is observed that a catalyst element having a plu- 
rality of channels extending therethrough having finned 
walls is known per se from EP-A-0.191.982. However, 
this known catalyst element is only suitable for having a 
gas (mixture) flow therethrough, such as for instance in 
tiie case where exhaust gas of an internal combustion 
motor is cleaned. If this known catalyst element was 
used for having a gas and a liquid flow countercurrentiy 
stagnation phenomena would occur In the channels 
which would increase the flow resistance and reduce 
the efficiency 

Because the wall of the catalyst channel according to 
the present invention comprises at least onejpngitudt 
nal projection and/or at least one longitudinal gfroveTa' 
separation between tiie gas phase on the one hand and 
tiie liquid phase on the other is automatically effected. 
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SO that no stagnation occurs and the flow resistance 
remains low. 

The invention will be further explained hereinafter 
by a description of preferred embodiments of the cata- 
lyst element according to the invention, with reference 
to the drawings. In these drawings: 

Fig. 1 shows a section of a portion of the catalyst 

element according to the invention, which portion 

comprises three channels; 

Fig. 2A-L shows different configuration variants of 

the channel in a catalyst element according to the 

invention; 

Fig. 3 is a perspective view of a catalyst element 
according to the invention; 

Fig. 4 is a side elevation of a reactor according to 
the invention; and 

Fig. 5 shows a graph for explaining the advantages 
of a countercurrent mode. 

In the figures, identical or comparable parts are 
designated by the same reference numerals. 

Fig. 1 shows a partial section of a catalyst element 
1 according to the invention. Fig. 1 shows three chan- 
nels 2 with a channel wall 3. In a practical embodiment, 
the catalyst element 1 as a whole may for instance have 
a rectangular or hexagonal cross section having cross 
dimensions in the order of for instance 50 cm and the 
channels 2 may have cross dimensions in the order of 
approximately 1-10 mm. It will then be understood that 
the pattern of channels 2 may continue in a "dense 
packing", although this is not shown separately. 

The catalyst element 1 may be produced from a 
support material, for instance a ceramic material or a 
metal for a proper heat conduction, on which a thin layer 
of the actual catalyst material is provided, which layer 
accordingly forms the boundary surface of each chan- 
nel. However, in a preferred embodiment which is in par- 
ticularly suitable for the desulfurrzation of oil b y. means 
of hydrogen gas, the catalyst element 1 is integrally pro- 
3uce3"'from~ catalyst material, such as for instaVice a 
porous matrix impregnated with active substance. An 
example thereof is y-alumina having in at least a part of 
the pores thereof W, Co, Mo, ,Ni, or Mn atoms as Active 
substance, or combinations of these atoms. 

The channels 2 shown in Fig. 1 have a circular sec- 
tion. The channel wall 3 oLegclij;baDoe L2 comprises 
six projections 4 extending in the longitudinaLdirectlon 
of the channels 2. Each projection 4 can be considered 
to be a convex wall portion and each wall portion 
between adjacent projections 4 can be considered to be 
a concave wall portion. 

As shown in Fig. 1 in only one of the channels 
shown, the liquid phase 10 will tend to be mainly located 
in the spaces 5 surrounded by the channel wall 3 and 
the projections 4. The greater the degree of humidif ica- 
tion between the liquid phase 1 0 and the material of the 
catalyst 1 . the greater this tendency. Centrally in the 


channel 2, the liquid phase 10 will leave clear space for 
the gas phase 20. Consequently, the liquid flow and the 
gas flow do not interfere with each other, so that it is 
possible to operate the catalyst element 1 in a counter- 

5 current mode in which the liquid phase 10 and the gas 
phase 20 flow countercurrently, while the pressure drop 
occurring is only slight. 

Various configuration variants are possible, a 
number of which will be described hereinafter. However, 

10 this description should not be considered an exhaustive 
ennumeration. 

The walls of the projections may for instance extend 
radially (Fig. 2A). However, when the two walls of each 

^^projection are parallel to each other, as in the embodi- 

15 ment illustrated in Fig. 1 , this offers the advantage that 
the catalyst material in each projection, calculated in the 
height direction of that projection, is used equally effi- 
ciently 

Channel 2 shown in Fig. 1 has a generally circular 
20 section. The channel may also have a pQlyOQnaLs,ec- 
tion, such as for instance a triangle (Fig. 2B), a square 
(Fig. 2C), or a hexagon (Fig. 2D). This hexagonal geom- 
etry offers the particular advantage that a relatively high 
ratio of catalyst material volume to total volume can be 
25 realized, and that a relatively great contact surface 
between catalyst material and liquid phase can be real- 
ized. 

A capricious shape, as shown in Fig. 2E, is also 
conceivable, but from a productional viewpoint and in 
30 view of the efficiency, a rotation-symmetrical^ ape for 
the channels is preferred, althougiTttiis is not at all nec- 
essary for realizing the effect aimed at by the invention. 

Also, the projections/grooves do not have to be only 
a part of the channel wall 3. Fig. 2F shows a variant in 
35 which the channel 2 has a triangular section and in 
which each projection 4 has a triangular section, the 
base of the projection 4 being as large as the triangle 
side of the channel 2. In this case, the top of each pro- 
jection 4 can be regarded as a convex wall portion and 
40 the transition between adjacent projections 4 can be 
regarded as a concave wall portion. 

The number of projections 4 per channel 2 can be 
varied. In the case of the circular section shown in Fig. 
1 , the number of six projections 4 per channel 2 is pre- 
ferred for reasons of efficiency, but another number of 
projections 4, preferably evenly distributed along the cir- 
cumference of the channel, is also possible. In the case 
of the polygon shapes illustrated in the Figs. 2B-D and 
2F, it is efficient, but not necessary, that the number of 
50 projections 4 per channel 2 corresponds to the number 
of angles of the respective polygon. In this connection, 
the projections 4 may be positioned in the respective 
angles of that polygon, as illustrated in the Figs 2C and 
2D, but a better surface area/weight proportion is real- 
55 ized when the projections 4 are positioned on the poly- 
gon sides and preferably on the center thereof, as 
illustrated in Fig. 2B. 

Hereinabove, the embodiment variant shown in Fig. 
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1 , for instance, is described as a circular cross section 
having six loDqitudinal^Woiections 4. However, this 
embodiment variant can also be described as a hexag- 
onal cross section having walls 6 and having six longitu- 
dinal grooves 7 (shaped like a wedge of cake). 5 
positioned In six angles. Fig. 2G shows an embodiment 
variant having a hexagonal cross section and three pro- 
jections 4, while Fig, 2H shows an embodiment variant 
having a hexagonal cross section and three grooves 7. 

A combination of projections 4 and grooves 7 is also 
conceivable (Fig. 21). 

It is not necessary that the walls of the projections 
or grooves follow a flat plane, but those walls may also 
be curved. An example of such configuration is shown in 
Figs 2E. 2J and 2L. 

A particularly efficient use of the catalyst material is 
realized in a configuration in which the channels 2 com- 
prise projections 4 and grooves 7, and the channels 2 
are arranged in the catalyst element 1 in such a manner 
that the projections 4 and the grooves 7 of adjacent 
channels 2 mesh with each other. Examples of such a 
configuration are shown in Figs 2K and 2L In the 
embodiment shown in Fig. 2K the channels 2 have a 
square section. Each time, a rectangular projection 4 is 
positioned on the center of two opposite walls, while in 
the two other opposite walls a rectangular groove 7 is 
provided. Each channel 2 is adjoined by four channels 
whose orientation is perpendicular to that of channel 2 
mentioned. In the embodiment shown the dimensions 
are chosen to be such that the catalyst wails located 
between the channels 2 are alway^ equally thick. Fur- 
ther, the dimensions in this embodiment are chosen to 
be such that the spaces 5 surrounded by the channel 
wall 3 and the projections 4 are equally large as the 
grooves 7. 

In the embodiment illustrated in Fig. 2L the chan- 
nels 2 can be represented as having a square section 
as well. Provided side by side on each wall are a convex 
projection 4 and a concave groove 7, whose cross sec- 
tions in the embodiment illustrated have the shape of a 
semicircle having a diameter substantially equalling Half 
the side of each square. In this embodiment, too. the 
dimensions are chosen to be such that the catalysts 
walls located between the channels 2 are always, 
equally thick. In this construction, the spaces 5 for 
receiving the liquid phase 10, always surrounded by a 
groove 7 and portions of the adjacent projections 4, 
have a sickel-shaped cross section. 

In practice, the actual dimensions of the channels 

2, the projections 4 and the grooves 7 will be adapted to 
the material properties of the substances to be fed 
through, in particular the liquid phase 1 0. In general, the 
height of the projections 4 and the depth of the grooves 
7 will be chosen to be in the range between 5 and 50% 
of the relevant radius of the channel in question, with the 
relevant radius, depending on the configuration in ques- 
tion, been defined as the curvature radius of the chan- 
nel wall portion at the location of the relevant projection 


or the relevant groove, or as the distance from that 
channel wall portion to the geometric center (center of 
gravity) of the channel in question. 

Now, by way of an example, a comparison will be 
made between on the one hand conventional catalyst 
elements in the form of extruded cylinders having a 
length/diameter proportion of 4. and on the other hand 
a catalyst element 1 according to the embodiment illus- 
trated in Fig. 1 . 

The conventional granules have for instance a 
diameter of 1 .5 mm and a length of 6 mm. When these 
granules are dumped in a reactor, a filling degree of ca. 
0.6 is realized. In this connection, the filling degree is 
defined as the catalyst volume/available volume propor- 
tion. 

Now, of the embodiment illustrated in Fig. 1. the 
mutual distance between the centers of the channels 2 
is designated by L, the diameter of the channels 2 is 
designated by D, the width of the projections 4 is desig- 
nated by X, and the height of the projections 4 is desig- 
nated by y. In a practical embodiment the following 
choice can for instance be made: 

d = 0.8 L; X = 7C/24 D; y = 0.25 D. 

In that case, it can be demonstrated in a simple manner 
that the filling degree is approximately 0.56, which is 
comparable with the filling degree of the conventional 
catalyst elements. In this embodiment, the proportion 
between the external catalyst surface area and the cat- 
alyst volume is approximately 10/L, while in the conven- 
tional catalyst elements this proportion is 4.5/d, d 
referring to the diameter of the conventional catalyst 
elements. Consequently, when L is chosen to be equal 
to 3.3 mm, the same proportion between the external 
catalyst surface area and the catalyst volume is realized 
as in the conventional catalyst elements. 

It can be shown that in this case, in a practical situ- 
ation, at a channel length of 20 m, a pressure drop for 
the gas of approximately 0.054 bar will occur, while for 
the liquid a pressure drop of approximately 0.68 bar will 
occur. This is a considerable improvement over the con- 
ventional situation, where a pressure drop of approxi- 
mately 4.4 bar will occur under othenwise equal reaction 
circumstances. 

A perspective view of a catalyst element 1 accord- 
ing to the invention with a square cross section i^gly.en 
in Fig. 3. In Fig. 3, the projection/groove structure of the 
cHannel§^rnof shown for the sake of simplicit y. With 
the present-day production techniques, it is quite possi- 
ble to produce this catalyst element with, withinjeasotu 
able limits, an^^Jengthandwjd^ However, it is preferred 
to produce the catalyst element 1 with a standardized 
length and width, for instance respectively 1 m and 50 
cm, and to consider them to be modules with \ffiicha 
reactor 30 having any length and width, for instance 
respectively 2 0 m and j m, can be filled. Fig. 4 sh ows a 
schematic cross section of such a reactor 30, having a 
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supply channel 31 and a discharge channel 32 for the 
liquid phase, and a supply channel 33 and a discharge 
channel 34 for the gas phase. The catalyst elements 1 
are oriented such that the channels 2 are vertically 
directed. The supply channel 33 for the gas phase is 
arranged at the lower end of the reactor 30, and the gas 
is blown into it under slightly raised pressure. The sup- 
ply channel 31 for the liquid phase is located at the top 
end of the reactor 30, and the pressure drop occurring 
in the reactor 20 is so small that the liquid can move w 
downwards under the action of gravity. 

In this embodiment, as is also shown in Fig. 4, a 
layer of a granular material 40. for Instance conventional 
granular catalyst material, may be provided between the 
modules stacked on top of each other, effecting a redis- is 
tributlon and mixture of the reacting substances over 
the separate channels 2. between two successive lay- 
ers of modules. 

As is also mentioned, the particular advantage of 
the catalyst element 1 according to the present inven- 20 
Won is that due to the intrinsically occurring phase sepa- 
ration in the channels 2, a slight pressure drop occurs, 
so that on the one hand only a slight pump capacity is 
needed and, more importantly, a countercurrent opera- 
tion is possible. The advantages of a countercurrent 25 
operation will now be explained with reference to Fig. 5. 
^ Fig. 5 shows in a graphic manner, in arbitrary units,, 
fthe relation between the concentration of H2S in the gas\ 
^phase and the concentration of sulfur (S] in the oil as 
|function of the position in the reactor bed. The first 30 
Igraph (Fig. 5A) relates to a co-ctjn-ent mode, the oil and 
gas flow being from the left to the right. The second 
graph (Fig. 5B) relates to a countercurrent mode, the oil 
flow being from the left to the right and the gas flow 
being from the right to the left. 35 

As appears from Fig. 5A. the oil in the entrance 
area of the reactor bed (in Fig. 5A on the left) is in an 
atmosphere substantially consisting of H2. However, the 
HgS formed during the desulfurization is entrained with 
the gas and the oil, so that the concentration of HgS is 40 
relatively great in the greater part of the reactdr bed, 
which counteracts the desulfurization reaction. 

On the other hand, in the countercurrent mode , the 
formed HgS is entrained by the gas flow to the. oil 
entrance area of the reactor bed and discharged from 45 
there. Here, it should be noted that the oil is in fact a 
mixture of different components having different desul- 
furization rates. The components that are easiest to 
desulfurize (greatest desulfurization rate) are already 
desulfurized In the oil entrance area of the reactor bed. so 
Because of these factors, the concentration of H2S is 
relatively great in the oil entrance area and decreases 
strongly according as the oil progresses further in the 
reaction bed, such that the average concentration of 
H2S is less than in the co-current mode. 55 

A significant consequence hereof is that at the end 
of the reactor bed in the very purgJH 2^tmosphe re. the 
components that are difficult to desulfurize (smallest 


desulfurization rate) are little obstructed by the counter- 
action of H2S, as is indeed the cas ejn the co-curren t 
mode. Consequently, the concentration of sulfur in the 
oil remaining at the end of the reactor bed is considera- 
bly less than in the co-current mode. Because at the 
end of the reactor bed the concentration of H2S is low. it 
is moreover possible here to use a catalyst element of a 
material which is on the one hand particularly active but 
on the other hand particularly sensitive to sulfur and/or 
H2S. Precisely because of this sensitivity, such active 
catalyst material cannot normally be used in conven- 
tional catalyst elements. 

Of course, it will be possible to connect two or more 
reactors in series, with the catalyst materials of the dif- 
ferent reactors being mutually different. However, 
according to a further aspect of the present invention, in 
a reactor 30 of the type illustrated in Fig. 4, in which a 
number of modules are stacked on top of each other, 
the separate modules may have mutually different com- 
positions, and in particular the modules at the discharge 
side of the liquid phase may be produced from such par- 
ticularly active material which is particularly sensitive to 
sulfur and/or H2S. 

The catalyst element 1 according to the Invention 
can be produced by means of an extrusion process, 
wherein a starting material is pressed through a die and 
is subsequently baked. In the extrusion art. it is conven- 
tional to produce such die with a high degree of preci- 
sion while much care is given to the finishing operation 
of the wall of the extrusion opening to render the surface 
thereof as smooth as possible. Due to use, the die will 
wear in course of time and will then require further treat- 
ment. However, according to the invention, the wall of 
the extrusion opening has a certain roughness that is 
not critical. On the one hand, this simplifies the produc- 
tion of the die, on the other hand, this means that further 
treatment because of wear will not be necessary. If at 
all. However, the most important effect of the roughness 
of the die is that the walls of the extruded channels, in 
particular of the projections and grooves, will be pro- 
vided with very small ridges in the longitudinal direction 
thereof, which ridges will promote the adhesion of the 
liquid to the channel wall and thereby promote the 
phase-separating capacity of the channels. 

Summarizing, the invention provides a catalyst ele- 
ment which, due to the unique construction of the chan- 
nels 2, I.e. the combination of concave wall portions and 
convex wall portions, preferably provided by longitudinal 
projections 4 or grooves 7. has an intrinsic phase-sepa- 
rating action so that a liquid phase 10 will preferentially 
be located in cavities 5 defined along the channel walls 
and a gas phase 20 will preferentially be located cen- 
trally in the channels 2. Consequently, the catalyst ele- 
ment 1 according to the invention is pre-eminently 
suitable for being operated in a countercurrent mode 
with only a slight loss of pressure. 

It will be understood by a skilled person that x^rious 
modifications are possible with the scope of the present 
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invention. For instance, it is possible to provide a cata- 
lyst element with channels having mutually different 
configurations. 

Claims 


porous matrix soaked with active substance. 

9. A process according to any of the preceding claims, 
wherein the channels (2) in the at least one catalyst 
element (1) are vertically directed. 


1 . A process for reacting a liquid with a gas under the 
Influence of a catalyst, wherein the flow direction of 
the liquid through the catalyst is opposite to the flow 
direction of the gas through the catalyst, the proc- 
ess being performed while utilizing a reactor com- 
prising at least one catalyst element (1) having at 
least one channel (2) extending therethrough, the 
wall of said channel, in circumferential sense of the 
cross section thereof, having at least one concave 
wall portion and at least one convex wall portion in 
order to effect a separation between the gas phase 
and the liquid phase. 

2. A process according to claim 1 , wherein the wall of 
said channel (2) comprises at least one longitudinal 
projection (4) and/or at least one longitudinal 
groove (7). 

3. A process according to claim 2, wherein the walls of 
each projection (4) are parallel to each other, or 
wherein the walls of each groove (7) are parallel to 
the opposite walls of ., the adjacent groove (7), 
respectively. 

4. A process according to claim 2 or 3, wherein said 
channel (2) has a circular section and wherein the 
number of projections (4) respectively grooves (7) 
equals six. 

5. A process according to claim 2 or 3, wherein said 
channel (2) has a section in tiie shape of a polygon, 
the number of projections (4) per channel (2) corre- 
sponds to the number of angles of said polygon, 
and the projections (4) are positioned on the sides 
of the said polygon, preferably on the centfers 
thereof. 

6. A process according to at least one of the preced- 
ing claims, wherein the projections (4) and the 
grooves (7) of adjacent channels (2) are meshed 
together. 

7. A process according to at (east one of the preced- 
ing claims, wherein the walls of the channels (2), in 
particular the walls of the projections (4) respec- 
tively the grooves (7), are provided with very small 
ridges extending in the longitudinal direction of the 
channels. 

8. A process according to any of the preceding claims, 
wherein the catalyst element (1) is integrally pro- 
duced from catalyst material, such as for instance a 


1 0. A process according to any of the preceding claims, 
wherein a supply line (31) for liquid and a supply 
line (33) for gas are located on opposite sides of the 

10 at least one catalyst element (1). 

1 1 . A process according to any of the preceding claims, 
wherein several catalyst elements (1) are stacked 
on top of each other. 

15 

1 2. A process according to claim 1 1 . wherein a distribu- 
tion layer (40) is located between two of the catalyst 
elements (1) stacked on top of each other. 

20 13. A process according to claim 12, wherein the distri- 
bution layer (40) contains a granular material, pref- 
erably a granular catalyst material. 

1 4, A process according to at least one of claims 11-13, 
25 wherein the catalyst elements (1) of two different 
layers are produced from mutually different catalyst 
materials. 

Patentanspruche 

30 

1. Verfahren zur Reaktion einer RQssigkeit mit einem 
Gas unter EinfluB eines Katalysators, bei dem die 
Strdmungsrichtung der FlCissigkeit durch den Kata- 
lysator entgegengesetzt zu der StrOmungsrichtung 

35 des Gases durch den Katalysator ist, wobei das 
Verfahren unter Venwendung eines Reaktors durch- 
gefuhrt wird. der wenigstens ein Kataiysatoreie- 
ment (1) besitzt, welches wenigstens einen sich 
durch dieses erstreckenden Kanal (2) aufweist, 

40 wobei die Wand des Kanals in Umfangsrichtung 
seines Querschnitts wenigstens einen konkaven 
Randabschnitt und wenigstens einen konvexen 
Wandabschnitt zur Vornahme einer Trennung zwi- 
schen der Gasphase und der Flussigkeitsphase 

45 besitzt. 

2. Verfahren nach Anspruch 1 , bei dem die Wand des 
Kanals (2) wenigstens eine LSngsanformung (4) 
und/oder wenigstens eine LSngsnut (7) aufweist. 

50 

3. Verfahren nach Anspruch 2, bei dem die WSnde 
jeder Anformung (4) parallel zueinander verlaufen 
bzw. bei dem die Wande jeder Nut (7) jeweils paral- 
lel zu den gegenuberliegenden Wdnden der 

55 benachbarten Nut (7) sind. 

4. Verfahren nach Anspruch 2 oder 3, bei dem der 
Kanal (2) einen kreisfOrmigen Querschnitt besitzt 
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und wobei die Zahl der Anformungen (4) bzw. der 
Nuten (7) sechs betragt. 

5. Verfahren nach Anspruch 2 oder 3, bei dem der 
Kanal (2) einen Querschnitt in Form eines Polygons s 
aufweist, wobei die Zahl von Anformungen (4) pro 
Kanal (2) der Zahl von Winkein des Polygons ent- 
spricht und wobei die Anformungen (4) an den Sei- 
ten des Polygons, vorzugsweise auf deren Mitten, 
angeordnet sind. io 

6. Verfahren nach wenigstens einem der vorangege- 
henden Anspruche. bei dem die Anformungen (4) 
und die Nuten (7) benachbarter KanSle (2) mitein- 
ander im Eingriff sind. ' is 

7. Verfahren nach wenigstens einem der vorangehen- 
den AnsprOche, bei dem die Wande der Kanaie (2), 
insbesondere die WSnde der Anformungen (4) bzw. 
der Nuten (7) mit sehr kleinen Rippen versehen 20 
sind, die sich in Langsrichtung der Kanaie erstrek- 
ken. 

8. Verfahren nach einem der vorangehenden Anspru- 
che, bei dem das Katalysatorelement (1) einstucWg 25 
aus Katalysatormaterlal hergestellt ist, wie bei- 
spielsweise einer pordsen. mit akliver Substanz 
impragnierten, Matrix. 

9. Verfahren nach einem der yorangehenden Anspru- 30 
che. bei dem die Kanaie (2) in wenigstens einem 
Katalysatorelement (1) vertikal ausgerichtet sind. 

10. Verfahren nach einem der vorangehenden Anspru- 
che, bei dem eine Versorgungsleitung (31) fur Plus- 35 
sigkeit und eine Versorgungsleitung (33) fur Gas an 
den gegenOberliegenden Seiten wenigstens eines 
Katalysatorelements (1) angeordnet werden. 

11. Verfahren nach einem der vorangehenden Anspru- 40 
che, bei dem mehrere Katalysatorelemerfte (1) 
Qbereinander gestapelt sind . ; 

12. Verfahren nach Anspruch 11, bei dem eine N^ntei- 
lungsschicht <40) zwischen zwei ubereinanderge- 45 
stapelten Katalysatorelementen (1) angeordnet ist. 

13. Verfahren nach Anspruch 12, bei dem die Vertei- 
lungsschicht (40) ein Granulatmaterial, vorzugs- 
weise ein Katalysatormaterialgranulat, aufweist. so 

14. Verfahren nach wenigstens einem der AnsprQche 
11 ■ 13, bei dem die Katalysatorelemente (1) von 
zwei'unterschiedlichen Schichten aus voneinander 
unterschledlichen Katalysatormaterialien herge- ss 
stellt sind. 


Revendications 

1 . Un proc6d6 pour faire r6agir un liquide avec un gaz 
sous I'effet d'un catalyseur, dans lequel le sens 
d'^oulement du liquide dans le catalyseur est 
oppose au sens d'^oulement du gaz dans le cata- 
lyseur, le proc6d6 6tant mis en oeuvre en utillsant 
un r^acteur comprenant au moins un ^l^ment cata- 
lytique (1) ayant au moins un canal (2) le parcou- 
rant. les parois dudit canal, dans le sens 
circonf6renciel de sa section transversale, compor- 
tant au moins une partie de parol concave et au 
moins une partie de parol convexe afin d'effectuer 
une separation entre la phase gazeuse et la phase 
liquide. 

2. Un proc6d6 selon la revendication 1 , dans lequel la 
parol dudit canal (2) comprend au moins une saillie 
longitudlnale (4) et/ou au moins une rainure longitu- 
dinale (7). 

3. Un precede selon la revendication 2, dans lequel 
les parois de chacune des saillies (4) sont paralle- 
les les unes aux autres. dans lequel les parois de 
chacune des rainures (7) sont paratl^les aux parois 
oppos^es de la rainure adjacente (7) respective- 
ment. 

4. Un proc^6 selon une quelconque des revendica- 
tions 1 , 2 ou 3, dans lequel ledit canal (2) pr^ente 
une section circulaire et dans lequel le nombre de 
saillies (4) et de rainures, respectivement (7) est 
6gal a six. 

5. Un proc6d6 selon la revendication 2 ou 3, dans 
lequel ledit canal (2) pr6sente une section en forme 
de polygone, de nombre de saillie (4) par canal (2) 
correspond au nombre d'angles dudit polygone et 
les saillies (4) sont dispos^es sur les cdt^s desdits 
polygones, de preference en leur centre. 

6. Un precede selon au moins une des revendications 
precedentes. dans lequel les saillies (4) et les rai- 
nures (7) des canaux adjacents (2) sont engrenes 
ensemble. 

7. Un precede selon au moins une des revendications 
precedentes, dans lequel les parois des canaux (2), 
en particulier les parois des saillies (4) et des rainu- 
res respectives (7), sont munies de tres petites ner- 
vures en saillie dans le sens longitudinal des 
canaux. 

8. Un procede selon au moins une quelconque des 
revendications precedentes. dans lequel reiement 
catalytique (1) est integralement fabrique en mate- 
riau catalytique tel que par exemple une matrice 
poreuse impregn6e d'une substance active. 


40 
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9. Un proc6d6 selon une quelconque des revendica- 
tions pr6c6dentes. dans lequet les canaux (2) dans 
au moins Tun des 6!6nnents catalytiques (1) sont 
orient^s verticalement. 

5 

10. Un proc6d6 selon une quelconque des revendica- 
tions pr6c6dentes, dans lequel une conduite d'ali- 
mentation (31) de liquide et une conduite 
d'alimentation (33) de gaz sont dispos6es sur les 
c6t§s opposes d'au moins un 6l6ment catalytique io 
(D- 

11. Un proc6d6 selon une quelconque des revendica- 
tions pr6c6dentes dans lequel plusieurs 6l6ments 
catalytiques (1 ) sont empil§s les uns sur les autres. is 

12. Un proc6d6 selon la revendication 11, dans lequel 
on dispose une couche de repartition (40) entre 
deux des 6l6ments catalytiques (1) empil6s les uns 
sur les autres. 20 

13. Un precede selon la revendication 12, dans lequel 
Ici couche de repartition (40) contient un materiau 
granulaire, de preference un materiau catalytique 
granulalre. 

14. Un precede selon au moins une des revendications 
11,13, dans lequel les elements catalytiques (1) de 
deux couches dlff6rentes sont fabrlques en mat6- 
riaux catalytiques diff erents Tup de I'autre. 30 
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FIG. 2B 
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FIG. 2K 
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FIG. 2L 
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